Introduction
Enterobiasis, considered one of the commonest childhood intestinal nematode infections, has a worldwide distribution. The important routes of transmission are Papers through oral and respiratory tracts. Oral infection may occur through the anus-hand-mouth route, onycophagia and via objects or food contaminated with Enterobius vermicularis eggs. Inhalation of dust contaminated with parasite eggs constitutes respiratory infection [1] . Due to its contagious nature, enterobiasis tends to occur more among large families and institutions such as schools, hostels and asylums especially with crowded conditions [1] . Although highly prevalent, this infection is often overlooked as most infections remain asymptomatic or cause only mild disturbances such as pruritus ani, insomnia, restlessness, irritability and nocturnal enuresis. However, serious morbidity such as appendicitis, eosinophilic enterocolitis and pelvic inflammatory disease have been reported as consequences of enterobiasis [2] [3] [4] . Furthermore an adverse impact on school performance has been suggested [5] .
Diagnosis of enterobiasis is mainly based on detection of the characteristic eggs in the perianal region using swabs or adhesive tapes. Alternatively, ova may be seen in faeces or scrapings from under finger nails and adult worms may be detected in the perianal skin at night. Faecal examination in suspected cases is of limited value as eggs are present in the faeces of only 5-15% of infected persons [1] . Swabbing needs to be done at night to coincide with oviposition, or first thing in the morning prior to washing or cleaning the perianal region.
Although enterobiasis is frequently clinically encountered in Sri Lanka and is a known problem among primary school children elsewhere, just one reported study (conducted in the 1980s) has examined the true extent of the problem [6] , whereas the epidemiology of the other intestinal nematode infections in Sri Lanka has been widely studied [7] [8] [9] [10] . The low morbidity associated with enterobiasis and the need for perianal swabbing (more cumbersome than faecal examination) are probable reasons for this deficiency.
The present survey conducted in the Ragama Medical Officer of Health (MOH) region, was a preliminary study undertaken to investigate the prevalence, to evaluate the association of clinical manifestations and potential risk factors of disease with infection.
Methods
Permission was obtained from the relevant zonal education offices and approval for the study was obtained from the Ethics Review Committee, Faculty of Medicine, University of Kelaniya. A cross sectional descriptive study was performed among children in Years (Grades) one and two of seven randomly selected, state run schools in the Ragama MOH area. Ragama is a semi-urban town with a population of about 34 000, situated 13 Km north of the capital city, Colombo. The children attending the staterun schools of the area were predominantly from lowermiddle class families. Of the seven schools selected, two had very few students registered in the respective grades and thus were excluded from analysis. A total of 302 students were recruited. Diagnosis of infection was based on examination of peri-anal swabs obtained on two consecutive days using adhesive cellophane tapes (HYPONex Japan Co. Ltd., Japan). The peri-anal swabs were distributed among the mothers or principal care takers after demonstrating the correct procedure of using them on a dummy. The returned swabs were examined microscopically by a skilled technical officer in the Department of Parasitology, Faculty of Medicine, University of Kelaniya. Infection was defined as the presence of E. vermicularis eggs in peri-anal swabs of one or both of two consecutive days.
A pre-tested self-administered questionnaire completed by the mother or principal care-taker was used to evaluate clinical manifestations and risk factors associated with enterobiasis. The information collected included anthelmintic medication, finger nail-biting, handwashing behavior, frequency of bathing, changing bed linen, and finger nail-trimming, number of household occupants, number and characteristics of people sharing the bedroom with the student, parental education and employment. Clinical features evaluated were peri-anal itching, insomnia, nocturnal enuresis, abdominal pain and loss of appetite. On return of the swabs and completed questionnaires, the mothers or principal care takers were educated on transmission and prevention of enterobiasis through leaflets. The parents or care-givers of the children were informed of the results of the microscopic examination of swabs and all infected children together with their classmates were offered anthelmintic treatment.
The data were cleaned and transported to Stata 12.1 for statistical analysis (Stata Corp, 2012). Explanatory variables (except age of the child) significant at p < 0.2 level in univariate analysis were included in the model, which looked for associations significant at p < 0.05.
Results
In June and July 2011, a total of 302 children from five schools were recruited for the survey. Of those recruited, 260 complied with the given instructions and returned the swabs and completed questionnaires (rate of compliance 86.1%). Mean age of the population was 6 years (range 5-7) with 50.4% males. Ninety nine were found to be positive for enterobiasis with an overall prevalence of 38.1% when examined on two consecutive days. The prevalence derived by a single peri-anal swab examination was 20%. This disparity highlights the importance of repeated swabbing for increased sensitivity [11] .The rate of infection among schools varied from 30 -51.5% (Table 1) . Boys had a significantly higher rate of infection than girls (58.6% Vs 41.4%; p= 0.038). About one fifth of the study population (21.8%) had been de-wormed within 30 days of the survey.
Papers
Risk factors were studied in relation to enterobiasis. Explanatory variables that were significantly associated with infection on univariate analysis included male sex, maternal under-education, non-permanency of paternal employment, more members in household, more siblings in a family and more persons sleeping with an index child. Recent de-worming had a protective effect on infection. After adjustment in the multivariable model (see table 2 for variables included in the model), more children in a household, overcrowded household conditions, crowded sleeping environment of an index child, non-permanency of paternal employment and absence of recent de-worming remained significantly associated with enterobiasis. None of the clinical manifestations evaluated (peri-anal itching, insomnia, abdominal pain, and enuresis) were significantly associated with enterobiasis. None of the personal hygiene measures (washing hands before meals, frequent trimming of finger-nails, bathing and changing bed linen) and risk behaviours (nail-biting and thumb-sucking) investigated, appeared to have a significant impact on enterobiasis.
Discussion
In most countries, E.vermicularis is considered to be the most commonly encountered intestinal nematode of humans [12] . Even in the affluent United States, it is reported as the most prevalent nematode [13] . This could be attributed to the relative ease of transmission causing frequent re-infections and the failure to clear parasites due to incomplete medication. The results of this preliminary survey indicate that over one third of primary school children of the Ragama MOH area were infected with E. vermicularis. Similar high rates of infection have been reported in Malaysia (40.4%) and Argentina (41.42%) [14, 15] .
Surveys that specifically focus on enterobiasis (diagnosed by peri-anal swabs) are mostly from countries with an established screening/medication program and thus the rates of infection are comparatively low. In such countries a significant reduction in prevalence is obvious when comparing results of surveys done before and after [16] [17] [18] .
The only past study on enterobiasis in Sri Lanka was done over two decades ago. It describes a prevalence of 33.3% among paediatric hospital admissions at the Peradeniya Teaching Hospital using a single peri-anal swab examination [6] . Because this rate is based on only a single swab, it is likely that it is an underestimate of the true prevalence.
In agreement with the present findings a significant association between enterobiasis and maternal under education has been previously reported [19] [20] [21] . The association between larger families and enterobiasis has also been previously observed in a survey of preschool children in Turkey where the higher risk was attributed to the presence of school going elder siblings [21] . In contrast to the present survey, poor personal hygiene such as not washing hands before meals, nail biting and thumb sucking (behaviours that would promote ingestion of worm eggs in environment) were identified as significant risk factors for enterobiasis in Taiwan and Korea [22, 23] . However other surveys, including the present, have failed to show this association [21] . This disparity could be partly attributed to the tendency to hide deficiencies in hygiene in order to avoid embarrassment or due to the respiratory route of infection playing a dominant role in the process of transmission. Paternal employment in a permanent job was also associated with reduced risk of infection. This was probably an indicator of better economic status and living conditions. The importance of anthelmintics, whether correctly administered or not (group therapy and repeated medication) in the control of enterobiasis was shown in surveys in the past as well as present [23] . Since anthelmintics are not effective against eggs and larval stages of E. vermicularis, infections acquired 1-2 weeks prior to medication will not be cured by one time medication; hence the need for a second medication two weeks following the first. The importance of group medication was shown in a survey of kindergartens in the Busan Metropolitan city, Republic of Korea, where out of 21 kindergartens, the one which practiced group medication (all the children and teachers were de-wormed at the same time every six months, including repeat medication) was shown to be free of infection whereas the rest had a higher-than-average rate of enterobiasis [23] . Similarly the efficacy of group medication has been further established [24] .
Sri Lanka has no national de-worming programs for enterobiasis, and in the present survey only a quarter of those recently de-wormed (19 [7, 9, 10] . Therefore enterobiasis is now the most prevalent nematode infection in the paediatric age group in Ragama MOH area.
In conclusion, results of this survey indicate that enterobiasis is highly prevalent among the primary school children in Ragama. Wider studies are required to establish the extent of the infection in other parts of the country. Specific control measures are required to interrupt the transmission cycle of E. vermicularis. Improvements in living standards and enhancement of female literacy would further ensure the success of control efforts.
